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Abstract 
A numerical study on the turbulent combustion in the porous media is conducted based on 2D staggered cylinders 
with the eddy dissipation concept model (EDC). The numerical results show that a discrepancy exists between the 
reaction rate descriptions of turbulent premixed combustion at different scales. For a quasi-steady case, the 
microscopic and macroscopic descriptions agree well with each other. However, during the rebalance process, this 
equilibrium state is difficult to reach under the lean fuel and higher velocity conditions, so the macroscopic method 
shows remarkable fluctuation, a step change even appears at the throat position. How to relate the two methods in a 
reasonable way is still an open subject. 
© 2014 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Filtration combustion in porous media has been studied systematically and extensively in recent years. 
Some detailed and excellent reviews of the subject can be found in Refs [1-4]. In the previous studies, 
most of the concerned superficial velocities are relatively small that a laminar finite reaction is sufficient 
to consider the chemical reaction. In practice, however, some turbulent case will be encountered if we 
make a rigorous division between turbulent and laminar flows.  
From the published literature, the contribution of turbulence to the reaction rate is only deemed as an 
enhancement of transport properties, such as effective thermal diffusion coefficient. The reaction rate in 
the representative elementary volume (REV) is approximately calculated with the Arrhenius formula, in 
which the temperature and composition concentrations all appear in the form of volumetric averaging 
such as in Ref. [5]. Our simulation results show that the thickness of the reaction sheet in porous media is 
smaller than the length scale of REV. Thus a question arises naturally whether one could use the 
volumetric averaging values of temperature and composition concentrations to substitute their point-wise 
values at the pore scale. In other words, even this method is accepted in the engineering applications, 
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what would be the extent of the discrepancy between the results obtained at the two different scales, 
which, to our knowledge, has not been discussed systematically in the literature. In this paper our 
attention is placed on this difference, and the effects of velocity and equivalence ratio are accounted for 
through numerical simulations.  
2. Numerical model  
2.1. Calculation zone 
To avoid enormous time consumption, a part of the computational zone of the 2-D pseudo packed pebble 
bed examined in [7] is taken account in this paper (see Fig. 1). In this situation, the heat exchange 
between the outer walls and the environment is not considered. The porous zone of 165mm in length is 
composed of cylinders of 10mm in diameter and two clear fluid regions of 20mm and 100mm, 
respectively, are attached onto the ends of the porous zone. 
 
Figure 1. The schematic diagram of computational domain  
2.2. Governing equations 
For simplification, some assumptions are introduced as in Ref. [6]. Under these assumptions, a set of 
simplified differential equations such as gas state, mass conservation, momentum conservation, species 
mass conservation, turbulent kinetic energy and its dissipation and energy conservation for the fluid and 
solid phases are obtained naturally. The chemical reaction is considered through a two-step simplified 
mechanism of CH4 and the solid radiation role is calculated with the discrete ordinate method (DO 
model). The interaction of turbulence and chemical reaction is modelled by EDC model. In addition, the 
physical properties of the fluid and solid phases are evaluated as functions of the local temperature and 
mixture compositions. The solid cylinder properties are taken at the characteristic temperature of 1300K. 
2.3. Initial and boundary conditions 
In order to obtain a more actual initial flow fields, we first simulate a case of lower-velocity filtration 
combustion with the stoichiometric ratio at inlet velocity 0.3 m/s and assume that the premixed mixture 
has been preheated before it comes into the computational zone. Here, this value is approximately set as 
500K according to some published experimental data. When the flame reaches the forth row of cylinder, 
stop the calculation and store the fields as initial fields for the next stage. 
Once the initial fields are obtained, the boundary conditions are reset according to our desired 
requirement. Inlet: 0inv v , 300inT  K, 4 0CHY Y , 0H  . The hydraulic diameter is taken as twice the 
height of the inlet and the turbulent intensity is estimated as 7%. Outlet: 1exP  atm, 300exT  K, 
2
0.23OY  , 0exH  . The boundary condition of the interface is no-slip for the velocity, and it is coupled 
with the temperature. Besides, it is opaque with a given emission rate, 0.46H  . The top and bottom 
boundaries are symmetrical to reduce the calculation cost. 
3. Results and discussions 
To have a high resolution for the fields in the pores, a dense grid is implemented near the wall. By test 
forth and back, the mesh number of 1.16 million is determined to meet the mesh-independent demand. 
The mentioned equations in Section 2.2 are solved with the FLUENT 6.3 and some our own subroutine 
(UDF) is carried out on this platform for the data post-process. A residual error of 10E-06 for energy 
equations and 10E-05 for all other equations are taken as convergence criterions. In all the calculations a 
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200-second span of time is set to have a better comparison. The effects of velocity and equivalence ratio 
have been taken into account, i.e. 0v =0.8, 1.5 and 2.0; the equivalence ratio, I =0.6, 0.8 and 1.0. 
3.1. Validity of the reaction rate calculation 
The flame distribution in the case of 0 0.8v  m/s and 0.6I  is schematically illustrated in Fig. 1, from 
which it is easily found that there are two existing forms for the flame, i.e. one is that the flame is placed 
entirely in a representative elementary volume (see Fig. 1.a), and the other one is that the flame crosses 
the interface between two REVs and enters into the adjacent one (see Fig. 1.b). However, no matter which 
form the flame distribution appears in at any time, the length scale of the reaction regime is smaller than 
that of the REV. In other words, the fuel is consumed completely within a length scale of REV. So if we 
view this problem from the macroscopic level, it facilitates evaluating the volumetric reaction rate of the 
fuel. The reaction rate is a function of local temperature and concentration of the species. In many 
published papers, the authors calculate the reaction rate with their volumetric averaging form rather than 
using their point wise one. Here, we take a single-step first order Ahhenius type reaction from Ref. [5] for 
instance. 
 2 exp( / )
i i i
fu fu ox aS A m m E R TU   (1) 
where iM represents the i -phase intrinsic average quantity associated with M . Thus, it is reasonable to 
expect that some errors must be introduced in this process. 
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Figure 1. Contours of  temperature of CH4 in the case of 0 0.8v  m/s and 0.6I  , left: 20th second and right: 100th 
second 
3.2 Discrepancy in the reaction rate descriptions 
If the flame places entirely in a REV, it is no doubt that the volumetric averaging operation is carried over 
it. However, if the situation is that two REVs hold the flame, a weighted average method may be more 
rational, i.e. 
 i i jj wM M ¦  (2) 
where j denotes the j -th cell unit holding the flame, and jw  is the weight evaluated by the flame front 
volume, i.e. 
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In this paper we assumed that the reaction sheet is determined according to the place where the progress 
variable takes values in the range of 0.8 to 0.98. So the reaction rate can be obtained at the pore scale. 
 ,fu in in in fu fu f fu f jjm A v Y R V R VU   ¦  (4) 
where fuR  is the fuel reaction rate at the pore scale. 
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  In Figure 2, it is shown that there is remarkable discrepancy between the reaction rates of phase intrinsic 
average from the microscopic and macroscopic scales, especially for the lean fuel and high velocity 
situations. In particular, the macroscopic description shows strong fluctuation before the flame reaches a 
balance state, i.e. if the flame is propagating downstream, this method failed to provide an accurate result. 
On contrast, it can provide a good agreement between the microscopic and macroscopic treatments for the 
lower velocity and higher equivalence ratio since the rebalance process is easier to come true.  
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Figure 2. Fluid phase intrinsic average reaction rate with time variation,  
(a) equivalence ratio 0.8; (b) inlet velocity 1.5 
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Figure 3. The illustration of step change at the 150th second for 2inv   m/s and 0.8I   
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